We investigated the provenance of organic matter in the inner fjord area of northern Patagonia, Chile (~44-47° S), by studying the elemental (organic carbon, total nitrogen), isotopic (δ 13 C, δ 15 N), and biomarker (n-alkanoic acids from vascular plant waxes) composition of surface sediments as well as local marine and terrestrial organic matter.
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Introduction
Continental margins are important components of the global carbon cycle and may be responsible for >40% of the carbon sequestration in the ocean (Hedges and Keil, 1995; Muller-Karger et al., 2005) . This property is due to high rates of primary production and burial of organic matter in sediments, mainly where rivers supply large amounts of fine sediments (de Haas et al., 2002 , and references therein). High-latitude fjords such as those located in the Northern Hemisphere have been shown to be important sites for carbon burial (e.g., St-Onge and Hillaire-Marcel, 2001 ) and CO 2 sequestration (Winkelmann and Knies, 2005) . Due to their proximity to the continent and semi-restricted location, the organic matter deposited in the fjord sediments comprises mixtures of marine (autochthonous), terrestrial (allochthonous), and anthropogenic sources with different levels of reactivity (e.g., Meyers, 1994) . Therefore, in order to assess the cycling of organic carbon in fjord systems, a geochemical characterization of its multiple potential sources is essential.
The elemental (C/N) and stable isotope (δ 13 C, δ 15 N) composition of organic matter can be used for tracing multiple sources of organic matter in coastal sedimentary environments (e.g., Goñi et al., 2003; Maksymowska et al., 2000; Meyers, 1994 Meyers, , 1997 Müller, 2001; Perdue and Koprivnjak, 2007; Thornton and McManus, 1994; Winkelmann and Knies, 2005) . This is due to the distinguishable elemental and isotopic composition of marine and terrestrial organic matter. Typical C/N ratios in marine organic matter range between 4 and 10 whereas in vascular land plants, these ratios are over 20 (e.g., Meyers, 1994 Meyers, , 1997 .
Organic matter produced by marine organisms exhibits δ 13 C values between -20 and -22‰ (e.g., Meyers, 1994) , but organic matter produced by land plants using the C 3 pathway, typical of high-latitude regions like the Chilean Patagonia, averages -27‰ (O'Leary, 4 1981). The δ 15 N of marine organic matter produced by phytoplankton ranges between 3 and 8‰ whereas the average δ 15 N of terrestrial organic matter is 0.4‰ (Peters et al., 1978) .
Typical δ
13
C values of organic matter carried by rivers vary between -35 and -25‰, but δ 15 N values are about 5‰ (e.g., Meyers, 1997) . Since the elemental and isotopic signatures of organic matter can be altered during early diagenesis (e.g., Freudenthal et al., 2001) , the use of a multi-proxy approach is necessary to minimize potential biases in the interpretation of multiple sources from a single analysis. Recently, this approach has been applied to reconstruct changes in terrestrial input into the northern Patagonia fjord system over the last two millennia (Sepúlveda et al., 2009 ).
Additionally, molecular biomarkers can be related to more specific sources of organic matter. Long-chain n-alkyl lipids (consisting of n-alkanes, n-alkanols, and n-alkanoic acids) can be used to trace the input of terrestrial organic matter since they are found in the remains of vascular plants deposited in marine and lacustrine sediments (e.g., Huang et al., 1999 Huang et al., , 2000 Ohkouchi et al., 1997) . Long-chain n-alkyl lipids are major components of the epicuticular waxes of vascular plant leaves and contribute to preserving the water balance of the plant (Eglinton and Hamilton, 1967) . Leaf waxes are relatively resistant to degradation (Cranwell, 1981) and are generally well preserved in the sedimentary record (Haddad et al., 1992; Logan et al., 1995) . In plants, n-alkanoic acids occur as the n-C 16 -C 36 homologues and show a strong even-over-odd predominance, although the most common homologues are the n-C 22 -C 30 components (Eglinton and Hamilton, 1967) .
Additionally, the distribution of these homologues, parameterized as the average chain length index (ACL), has been used to distinguish vegetation from contrasting environmental conditions (e.g., Hughen et al., 2004; Sachse et al., 2006) . 5 The coastline of Chile's northern Patagonian fjords (~44-47° S) is generally rugged, and the mainland coast is separated from the Pacific Ocean by a large number of islands and narrow channels. This estuarine system resulted from the erosive action of glaciers and the tectonic sinking of a longitudinal valley south of Puerto Montt (41°31'S) during the Quaternary (Borgel, 1970) . The bottom topography of the main inlets is irregular, with depths ranging from <100 to 1,050 m (Araya, 1997; Pickard, 1971) . The mean annual precipitation in the study area is ~3,000 mm year -1 and the mean annual air temperature is ~10 °C (DGA, 2003 (DGA, 2003) , whereas maximum outflows from the fjord system are observed at 42°, 46°, and 50° S (Dávila et al., 2002) . The significant input of freshwater from river discharge and continental runoff results in an estuarine system with a stratified water column (Silva et al., 1995) . Dense vegetation characteristic of cold, wet climate regimes surrounds the inner fjord area in the form of a temperate evergreen rain forest (e.g., Villagrán, 1988) . The irregular bottom topography and the presence of shallow sills (DaSilva et al., 1997; Delgado, 2004) diminishes bottom water circulation (Pickard and Stanton, 1980; Silva et al., 1995) , favoring high sedimentation rates (0.14-0.75 cm yr -1 ; Salamanca and Jara, 2003; Sepúlveda et al., 2005) and the preservation of organic matter Sepúlveda et al., 2005) . Surface sediments of inner fjords between 44° and 46° S are of fine, mostly silt-clay material, although some areas are dominated by fine sand (Silva et al., 1998a) . Total organic carbon and organic nitrogen vary between 0.1 and 3%, and between 0.01 and 0.4%, respectively (Silva et al., 1998a) . The Chilean fjord system receives organic matter input in the form of marine primary production and land-6 plant remains carried from the surrounding native forests by rivers and overland runoff. In addition, some shallow and semi-restricted areas evidence the anthropogenic impact of salmon farming activities (Soto and Norambuena, 2004 (Aracena et al., this issue; Gonzalez et al., this issue; Pizarro et al., 2005; ) . A decrease in primary production is observed from the mouth of Moraleda Channel in the north to the Elefantes Gulf in the south, whereas the vertical flux of organic carbon at 50 meters is nearly twice as high in spring than in winter (González et al., this issue) . Although several studies have previously characterized the bulk geochemistry of surface sediments in the Patagonian fjord system (e.g, Silva et al., 1998a; Silva and Prego, 2002) , studies characterizing the sources of organic matter into the system using local end-members are scarce (Silva et al., this issue; Vargas et al., this issue) , and no previous research has focused on regional calculations of carbon cycling and carbon sequestration in this region.
In order to characterize the sources of organic matter in the fjord system of northern Patagonia, we studied the elemental and isotopic composition of carbon and nitrogen in surface sediments along a gradient from the open ocean to the inner fjords, including the characterization of local autochthonous (marine) and allochthonous (terrestrial; including riverine sediments and living and degraded land vegetation) end-members. Additionally, we used the concentration of n-alkanoic fatty acid leaf waxes as a supplementary indicator of terrestrial organic matter input. We present regional carbon mass accumulation rate calculations for the northern Patagonia fjord system and discuss the global importance of this area for the burial of marine organic matter and the sequestration of atmospheric CO 2 . 7
Methods
Sampling
Sediment samples were obtained during the CIMAR-FIORDO 7 expedition (November 2001) aboard the R/V AGOR Vidal Gormaz of the Chilean Navy, using a box-corer at 14 stations in the inner fjord area between ~43°44'S and ~46º29'S in southern Chile ( Fig. 1 ; Table 1 ). The sampling stations were located along a gradient of marine and freshwater influences in order to cover the entire range of organic matter sources feeding into the system, from the break in the continental shelf to the head of the inner fjords, including
Boca del Guafo, Jacaf Fjord, Puyuhuapi Fjord, Ventisquero Sound, Quitralco Fjord, Cupquelan Fjord, and Elefantes Channel. Surface sediments from 0 to 1 cm were subsampled onboard using PVC tubes (7-cm diameter), stored in plastic bags, and frozen at -20 ºC until laboratory analyses. Additional samples were collected, including surface sediments from five rivers, fresh land vegetation (the most common and abundant species), and degraded vegetation (woody debris of leaves and wood fragments) from riverine sediments sieved through a 350-µm mesh ( Fig. 1 ; Table 1 ). Subsurface (~5 m) water samples were taken from the ship inlet and ~5 L were filtered through a precombusted (450 °C, 4 h), 47-mm diameter, GF/F filter (0.7-μm pore size) to collect particulate organic matter. These samples were also stored at -20 °C until laboratory analyses.
Organic carbon, total nitrogen, and stable isotope analyses
Marine and riverine sediment samples were freeze-dried and then ground and homogenized in an agate mortar before processing. About 50 mg of sediment were weighed in tin cups and the carbonate was removed by acidifying with 50% v/v sulfurous acid. Cupquelan fjords) were obtained from previous expeditions in the study area (Pinto and Bonert, 2005; Rojas, 2002; Silva et al., 1998b, this issue) and used for constraining regional calculations of organic carbon burial.
Analysis of n-alkanoic fatty acid (FA) leaf waxes
Total lipids were extracted from freeze-dried marine and riverine sediments and plant leaves in an Accelerated Solvent Extraction System (DIONEX ASE 200) using a solvent mixture of CH 2 Cl 2 :MeOH 9:1 at 100 ºC and 1000 psi. The non-polar and polar fractions were separated in a LC-NH 2 column after eluting with 7 mL CH 2 Cl 2 :acetone (9:1) and 8 mL 2% formic acid in CH 2 Cl 2 , respectively. The polar fraction was transesterified with 0.5 9 mL BF3:MeOH at 70 °C for 20 min to convert free and esterified fatty acids into fatty acid methyl esters (FAMEs). Milli-Q water (20 mL) and hexane (10 mL) were added. The hexane fraction was subsequently removed, concentrated, and loaded onto a silica gel column (100-200 mesh, 5% water). FAMEs were eluted in the second fraction with 5%
ethyl acetate in hexane. This fraction was transferred to a glass vial with inserts and redissolved in 50 μL toluene before injection onto a gas chromatograph.
Gas chromatography was carried out with a 60-m Chrompack capillary column (0.25-mm ID, 0.25-µm film thickness) using an Agilent 6850 GC coupled with an Agilent 6850
autosampler and a flame ionization detector. Hydrogen was used as a carrier gas and the column oven temperature was programmed from 60 ºC (1 min) to 210 ºC (8 min), to 330 ºC (53 min). C 16-32 n-alkanoic fatty acids were identified by their retention times and quantified by comparison with a mixture of nine authenticated reference standards.
Results and discussion
Elemental composition
The linear regression between total nitrogen and C org (r 2 = 0.87) in surface sediments
showed an intercept of -0.0064% total nitrogen (close to zero) for 0% C org , indicating that the nitrogen in surface sediments was chiefly organic (Fig. 2) . Surface sediment C org contents ranged between 0.5 and 3.4% (average 1.9) and total nitrogen between 0.04 and 0.38% (average 0.18) ( Fig. 3 ; Table 2 ), as shown in previous reports for the area (Silva et al., 1998a; Silva and Prego, 2002; Rojas and Silva, 2003) . No clear trend in C org and total nitrogen content was observed from the open ocean to inner fjord areas, although the lowest values occurred at stations (St.) 1, 27, 28, and 29 (Table 2) , where sandy sediments and low 10 organic carbon content have been found previously (Silva et al., 1998a; Silva and Prego, 2002) . No correlation was found between C org and total nitrogen vs. water depth.
We used the N/C ratio instead of the C/N ratio because it has been demonstrated to more efficiently reflect the contribution of terrestrial organic carbon in marine environments (Perdue and Koprivnjak, 2007) Hebbeln et al., 2000) and are in the range of those found in other estuarine systems influenced by terrestrial organic matter contributions, including central and southern Patagonia (Table 3) . Table 2 ). The N/C ratios were in the range of other estuarine and fjord systems (e.g., Goñi et al., 2003; Gašparović et al., 2005) , although the C concentrations were comparatively lower than those reported for the upper 25 m of the water column in the same area (Gonzalez et al., this issue).
Riverine sediments (<125 µm) showed C org values between 0.2 and 5.7% (average 1. 7) and nitrogen values between 0.02 and 0.41% (average 0.12), resulting in a very narrow range of N/C (0.060-0.066, average 0.062) for all five rivers (Table 2 ). These N/C ratios were generally slightly lower than those reported for Chiloé Island and the Blanco River in Aysén Fjord (Silva et al., this issue) , falling between those of typical C 3 land plants and 11 freshwater algae (Meyers, 1997) and within the range found for suspended particulate organic matter from rivers worldwide (Meybeck, 1982) .
Degraded vegetation exhibited C org and nitrogen contents ranging between 15.1 and 27.6% and 0.5 and 0.7%, respectively, whereas living terrestrial vegetation presented C org values between 39.8 and 44.6% and nitrogen between 0.9 and 2.8% (Table 2 ). The N/C ratio in degraded vegetation varied between 0.018 and 0.058 (average 0.033), whereas the ratio for living vegetation fluctuated between 0.018 and 0.058 (Table 2) 
Stable carbon and nitrogen isotope composition
A wide range of δ 13 C values was found in surface sediments, varying between -28 and -19‰ and averaging -23.25 (Table 2 ; Fig. 3 ). Except for St. 39, which is located at the Cisnes River outlet ( Fig. 1 ), sedimentary δ 13 C values were generally higher than -25‰. The overall δ 13 C signature of surface sediments in the Chilean fjord system is similar to that reported for fjords and river-dominated margins reported to have a marked mixing of marine and terrestrial C org (Table 3 ).
δ 13 C values of particulate organic matter ranged between -22.7 and -18.3‰ (average -20.7‰; Table 2 ; Fig. 3 ), and were generally more enriched than POM from a lake-riverfjord transect in central Patagonia (Vargas et al., this issue) and than surface waters of other fjords and estuarine systems (Goñi et al., 2005; McCallister et al., 2006; Velinsky and Fogel, 1999) . Whereas the low δ 13 C of particulate organic matter found in a permanently anoxic fjord in Norway was related to the presence of the green photo-autotrophic bacteria Chlorobium sp. (Velinsky and Fogel, 1999) , in other estuarine areas this δ 13 C has been associated with high contributions of organic matter from vascular plants (Goñi et al., 2005; McCallister et al., 2006) . Our values are rather similar to those found for continental margins and open ocean areas (Table 3) , indicating a strong marine component in the particulate organic matter of the Chilean fjords.
δ 15 N values of particulate organic matter ranged between 7.7 and 11.5‰ (average 9.4; Table 2 ; Fig. 3 ). These values were similar to those in areas with a strong gradient from terrestrial to marine end-members such as Chesapeake Bay (McCallister et al., 2006) but heavier than in areas where high fractionation has been observed during nitrate uptake such as Framvaren Fjord, Norway (Velinsky and Fogel, 1999) . In contrast to surface sediments, 13 no trend was observed between carbon and nitrogen isotopes in particulate organic matter from open ocean areas to the fjord heads (Fig. 3 ). Since our samples were collected at 5 m depth, we expected a dominant phytoplankton signature in suspended material consistent with the highest concentrations of chlorophyll occurring in the first 10 m of the water column during sampling . To assess the effect of nutrient concentrations on phytoplankton fractionation during uptake, we compared our δ 15 N of surface sediments and particulate organic matter with published nitrate concentrations for the top 5 m of the water column during the same sampling campaign ; data not displayed).
No clear relation was found between nitrate and the δ 15 N of the surface sediments (r 2 = 0.24) or the δ 15 N of particulate organic matter (r 2 = 0.29). This observation suggests that sedimentary δ 15 N most likely mirrors a mixture of marine and terrestrial organic matter sources instead of the isotope fractionation imprint of the assimilation of nitrate by phytoplankton in surface waters. The lack of the latter could be related to the highly heterogeneous distribution of phytoplankton in the area, which is controlled by local conditions of light penetration in the water column (Pizarro et al., 2005) , and to the integrated signal of the top layer of the sediment. Since suboxic conditions have never been reported for the water column of this area, other processes like denitrification are not likely to occur in surface waters.
River sediments exhibited δ 13 C and δ 15 N values between -30 and -26.7‰ and between -1 and 2.4‰, respectively (Table 2) . These values were similar to those reported by Silva et al. (this issue) for the Blanco River in Aysén Fjord but 13 C-depleted compared to POM from a lake-river-fjord transect in central Patagonia (Vargas et al., this issue) , suggesting that most of the C org carried by riverine sediments was derived predominantly from 14 terrestrial plants rather than freshwater phytoplankton. These values were also 13 C-depleted compared to sediments and POM in North America (Prahl et al., 1994; Onstad et al., 2000) , likely due to the absence of C 4 plants in the study area.
Degraded vegetation showed δ 13 C and δ 15 N values between -29 and -28.5‰ and between -3.6 and -2‰, respectively, whereas fresh vegetation showed δ 13 C and δ 15 N values between -32 and -28‰ and between -4.3 and 6.7‰ ( 
n-alkanoic fatty acid leaf waxes
The n-alkanoic fatty acids (FA) were present as C 16 to C 32 homologues (Fig. 4) , with small concentrations of C 34 in some areas. We focus on the long-chain (evennumbered C 24 -C 32 ) n-alkanoic FAs, which are mainly derived from epicuticular leaf waxes of vascular plants (Eglinton and Hamilton, 1967; Meyers, 1997 (Fig. 3) . These elevated concentrations are comparable to values found in lacustrine sediments in Kenya (Huang et al., 1999) and are up to two orders of magnitude higher than in Norwegian fjord sediments (Smittenberg et al., 2004 ) and the open ocean off northwest Africa (Huang et al., 2000) . Station 28 showed lower FA concentrations than expected considering its location (Fig. 1 ). This anomaly may be the result of dilution by fine sediments resulting from glacial erosion due to the proximity of the Northern Ice Fields (Campos de Hielo Norte). Furthermore, the vegetation surrounding the Cupquelan Fjord near the Northern Ice Fields is mostly composed of Andean tundra rather than forest (Gajardo, 1994; Veblen et al., 1997) .
FA concentrations in river sediments varied between 0.2 and 0.8 mg gC org -1 , whereas degraded vegetation presented values below or equal to 0.02 mg g C org -1 ( (Eglinton and Hamilton, 1967) . The n-alkanoic acid distribution of homologues in surface sediments was bimodal in shape, peaking at n-C 28 and n-C 16 , with n-C 28 being generally more prominent (Fig. 4) . The n-alkanoic acids in riverine sediments resembled the bimodal distribution observed in fjord sediments, except for the Condor River, which showed similar contributions of the n-C 16-22-24-26-28 homologues (Fig.   4 ). Degraded vegetation showed the predominance of homologues shorter than n-C 22 , peaking at n-C 16 and n-C 22 (Fig. 4) . Fresh land vegetation displayed a very heterogeneous distribution of n-alkanoic acids without a common pattern of carbonnumber predominance on chains above n-C 24 . Except for tree species, most of the vegetation was enriched in n-C 16 (between 40 and 85% dominance; Fig. 4 ). Since leaves from fresh vegetation were completely ground before analysis, the homologue distribution may also have included the distribution of short-chain fatty acids present in cuticular and subcuticular leaf cells. In surface sediments (excluding St. 39), all homologues (except for n-C 16 ) showed a distribution similar to that found in the tree Nothofagus (Fig. 4) . Nothofagus may be considered to be the main source of longchain FAs in this area since it has been described as the dominant and most broadly distributed genus in the northern Patagonian rainforest (Arroyo et al., 1997) . FAs obtained from POM in a lake-river-fjord corridor in Central Patagonia were dominated by short-chain homologues (n-C 16 and n-C 18 ) of planktonic origin, whereas a high proportion of long-chain homologues of terrestrial origin was found in rivers (Vargas et al., this issue) . 
Autochthonous and allochthonous organic matter sources
We obtained our marine end-member values for δ 13 C, δ 15 N, and N/C by averaging those from St. 1 (outside the fjord area and within typical marine values) and those obtained by Hebbeln et al. (2000) from surface sediments of the continental slope off Chile (41° S-43°13'S; Table 2 ). The terrestrial end-member was obtained as the average of three different pools: a) the <125-µm fraction from river surface sediments, b) degraded 18 vegetation carried by rivers, and c) fresh terrestrial vegetation (Table 2) . Marine and terrestrial end-members were statistically different and all values were within the range described for other coastal environments (Tables 2, 3) .
By plotting the elemental and isotopic composition of both end-member components together with surface sediments from the fjord system, the best linear regression fit was between δ 13 C and N/C ratio (r 2 = 0.85; Fig. 5 ). We used the N/C ratio instead of the C/N ratio because it better represents the fraction of terrestrially derived organic carbon (Perdue and Koprivnjak, 2007) . The linearity of our data suggests that nearly all of the organic carbon delivered to the surface sediments in the northern Patagonia fjord system was mixed, from two main sources: marine and terrestrial. However, the presence of allochthonous anthropogenic sources from wastewaters and salmon farming, reported to be discernible in sediments surrounding cages in shallow inner seas between 41° and 45°30' S (Soto and Norambuena, 2004) , cannot be ruled out. Salmon farming is known to promote geochemical and ecological changes in aquatic ecosystems (e.g., Johannessen et al., 1994; Morrisey et al., 2000) , and the waste material from fish farming can be traced as far as 1,000 m from cages in shallow areas (e.g., Sarà et al., 2004) . However, reported δ 13 C and Table 2 ), complicating an accurate estimation of the contribution of salmon farming to sedimentary organic matter in this region with this technique.
Mixing of organic matter sources
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We calculated the contribution of marine and terrestrial sources to the organic carbon pool in surface sediments using a mixing equation (e.g., Thornton and McManus, 1994; Schlünz et al., 1999) :
where ∫ M = marine fraction of C org , δ 13 C i = δ 13 C of a given sample, δ 13 C T = δ 13 C of the terrigenous end-member, δ 13 C M = δ 13 C of the marine end-member, and ∫ T = terrigenous fraction of C org . Mixing was estimated from the δ 13 C data since this proxy is carbonnormalized. The proportion of marine C org (C org-m ) in the inner fjords (except for St. 39, located at the mouth of the Cisnes River; 13%) varied between 42 and 97% (Fig. 6 ). As expected, a trend of increased terrestrial C org (C org-t ) from 3 to 87% was observed from St. 6
to those sites located within the inner fjords and close to river mouths, following the characteristic salinity gradient of this area ( Fig. 6 ; Silva et al., 1997 Silva et al., , 1998b . A similar trend has also been observed previously from the mouth of Moraleda Chanel to the head of Aysén Fjord (Pinto and Bonert, 2005; Silva et al., this issue) .
Organic carbon burial rates and CO 2 sequestration
We calculated a C org accumulation rate (C org AR) ranging between 0.7 and 82.5 g C m -2 yr -1 at the sediment-water interface of the study area (blue and green areas in Fig. 1a ) by integrating our results with published data (C org content, sedimentation rate, and porosity, ~44-47º S; Table 4 ). A sediment dry density of 1.85 g cm -3 is assumed for the entire region (Pantoja et al., 2009 (Table 4) . Thus, the calculated C org-m burial (0.2-25.3 g C m -2 yr -1 ) equaled between 1.8 and 6.2 x 10 4 ton C yr -1 for the entire study area. In contrast, the burial of C org-t delivered by rivers and continental runoff accounted for between 0.5 and 1.6 x 10 4 ton C yr -1 (obtained as the difference between C org and C org-m burial). for the studied area (Table 5) . Despite the natural variability of this system (Aracena et al., this issue; González et al., this issue) and large range of values accompanying these calculations, these results are in accordance with recent evidence indicating that surface waters in the Patagonian fjord system are undersaturated with respect to CO 2 and therefore act as a CO 2 sink (R. Torres, pers. comm.). It is important to clarify that our calculations only include the fixation of inorganic carbon into organic carbon during photosynthesis and do not consider the role of calcifying planktonic organisms. However, the average inorganic carbon content in surface sediments from the study area was rather low (~ 0.4% in the inner fjords and ~ 0.05% in the southern area of northern Patagonia; Silva and Prego, 2002) , suggesting that the contribution of the inorganic carbon pump in CO 2 sequestration is rather small. To place these results into a larger context, the CO 2 sequestration calculated for the northern Patagonia fjord system represented between 0.4 and 1. (Silva and Prego, 2002) , our study suggests that the Chilean fjord system can potentially act as an important region for C org burial and as a CO 2 sink.
Concluding remarks
We aimed to characterize the geochemistry of surface sediments from the northern Patagonia fjord system and to identify the mixing of marine and terrestrial organic carbon sources in order to better constrain C org cycling in an area that may be impacted by the effects of expanding economic development. This study also provides a basis for future studies focusing on past environmental and/or climate changes using sedimentary sequences in Patagonia.
Averaged geochemical values for end-members in the study area were N/C 0.127 ± 0.010, δ 13 C -19.8 ± 0.3‰, and δ 15 N 9.9 ± 0.5‰ for marine organic matter, and N/C 0.040 ± 0.018, δ Sepúlveda, J., Pantoja, S., Hughen, K., Lange, C., González, F., Muñoz, P., Rebolledo, L., Castro, R., Contreras, S., Ávila, A., Rossel, P., Lorca, G., Salamanca, M. water depth) was obtained from Silva et al. (1997) .
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